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S u m m a r y : Eutypine is a toxin produced by Eutypa lata (Pers.: Fr.) Tul. , the causal agent of dying-arm disease of the 
grapevine. Ultrastructural alterations induced by eutypine in leaf cells and protoplasts isolated from plantlets of Vitis vinifera cv. 
Cabernet Sauvignon, a very sensitive variety cultured in vitro, were observed for the first time by Iransmission electron microscopy. 
Eutypine caused early cytoplasm lysis and vesiculation followed by chloroplast swelling with thylakoid dilation . The eutypine-
induced alterations of the cellular ultrastructure are similar to those previously described in vivo in the leaves of diseased grapevines. 
These results confirm that eutypine, synthesized by E. lata mycelium present in the trunk or arms, is involved in symptom expres-
sion of eutypiosis in the herbaceaus parts of grapevine. 
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Introduction 
Eutypiosis, due to the ascomycete fungus Eutypa Iota 
(Pers.: Fr.) Tu!., affects a number of vineyards throughout 
in the world. In France, several quality Vitis vinifera 
cultivars such as Cabernet-Sauvignon are very sensitive. 
The parasitic fungus colonizes the trunk and arms of old 
grapevines and acts from a distance causing, in particular, 
foliar !esions . In June, dying arm disease symptoms in the 
vineyard are clearly visible. Leaves show weak develop-
ment, yellowing, and, as soon as they unfold, small necrotic 
patches appear. The disease induces ultrastructural altera-
tions of the leaf cells of the grapevine as observed by elec-
tron microscopy such as cytoplasmic Iysis with plasma 
membrane detachment and complete chloroplast disorganj-
zation (PHJLIPPE et al. 1992) . 
One compound has been isolated from the culture 
medium of E. Iota which appears tobe toxic to the grape-
vine (RENAUD 1985 ; TEY-RULH et al. 1988) . This compound, 
hydroxy-4 (methyl-3 butene-3ynyl-1)-3 benzaldehyde, 
named eutypine, is always present in diseased grapevines, 
especially in the leaves , and is absent in healthy grape-
vines (TEY-RULH et al. 1991). 
However, an in vivo study is difficult because of the 
3-10 years delay between ascospore infection of the wood 
vessels and the appearance of symptoms. Moreover, symp-
tom expression varies from year to year suggesting the 
dependence on eutypine synthesis for leaf darnage effects. 
On the other hand, environmental conditions could inter-
fere with toxic effects and Iead to false Observations. 
Bioassays, based on the treatment of leaves from plantlets 
cultured in vitro or protoplasts with eutypine, have previ-
ously been developed (FALLOT et al. 1990; TEv-RuLH et al. 
1991). They allow the application of a determined con-
centration of toxin in controlled environmental conditions. 
The present study was initiated to determine the 
ultrastructural alterations caused by eutypine in excised 
Cabernet-Sauvignon plantlet leaves and protoplasts, and 
also to compare these alterations with those observed in 
leaves of severely diseased grapevines in the vineyard. 
Materials and methods 
Plant material and isolation of 
p r o t o p I a s t s : Plantlets of V vinifera cv. Cabernet 
Sauvignon n"15 were cultured in vitro as described by 
MAURO et al. (1988). Protoplasts were isolated from leaves 
of two-month-old plantlets placed in the dark for 24 h, 
prior to protoplast isolation . The leaves were cut into 1 mm 
slices and the cell walls digested in the enzyme-contain-
ing medium (20 ml for 150 mg of mesophyll): 0.8 M 
mannitol, 1 mM CaCI
2
, 0.03 % pectolyase Y23, 0.2 % 
caylase 345L, 25 mM MES, pH 5.6. After 19 hat 24 "C, 
the tissues were dissociated by stirring (120 rpm) for 
20 min. The protoplasts released were purified by filtering 
tru·ough cheese cloth and washed three tim es at 100 g for 
5 min in M URAS HIGE and SKOOG medium (1962) to which 
had been added 0.8 M mannitol, 58 mM sucrose, 0.4 % 
polyethylene glycol and 25 mM MES (pH 6.0) . 
B i o a s s a y s : To obtain rapid symptom expression 
andin order to Iimit variability ofthe toxjc response, chemi-
cally synthesized eutypine (DEFRANQ et al. 1993) was ap-
plied at various high concentrations. For the leaf bioassay, 
the leaves were excised from 2-month-old plantlets , cul-
tured in vitro, between 3rd and the 5th node Ievel. Each 
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w i t h  a  p h o t o p e r i o d  o f  1 6  h .  T h e  t o x i c i t y  
o f  e u t y p i n e  w a s  e s t i m a t e d  u s i n g  a  s c a l e  q u a n t i f y i n g  t h e  
d e g r e e  o f  n e c r o s i s  ( M A U R O  e r  a l .  1 9 8 8 ) .  F o r  e a c h  t r e a t -
m e n t ,  6  l e a v e s  w e r e  i n c u b a t e d .  
P r o t o p l a s t  b i o a s s a y  w a s  d e v e l o p e d  b y  i n c u b a t i n g  1  m l  
o f  p r o t o p l a s t  s u s p e n s i o n  c o n t a i n i n g  4 . 5  x  1 0
5  
p r o t o p l a s t s  
i n  t h e  p r e s e n c e  o f  I  0 0  o r  5 0 0  J . . t M  e u t y p i n e  u s i n g  t h e  c o n -
d i t i o n s  d e s c r i b e d  f o r  p l a n t l e t  l e a v e s .  T h e  t o x i c i t y  o f  
e u t y p i n e  w a s  d e t e r m i n e d  a s  t h e  p e r c e n t a g e  o f  d e a d  
p r o t o p l a s t s  e s t i m a t e d  b y  o b s e r v i n g  t h e  I a c k  o f  c e l l  f l u o -
r e s c e n c e  a f t e r  s t a i n i n g  w i t h  f l u o r e s c e i n  d i a c e t a t e  ( L A R K l N  
1 9 7 6 ) .  F o r  e a c h  t r e a t m e n t ,  3  e x p e r i m e n t s  w e r e  p e r f o r m e d  
a n d  a p p r o x i m a t l y  1 0 0  p r o t o p l a s t s  w e r e  e x a m i n e d .  
P r o c e s s i n g  f o r  e l e c t r o n  m i c r o -
s  c  o  p  y  :  L e a v e s  w e r e  p l a c e d  i n  a  P e t r i  d i s h  c o n t a i n i n g  
1  %  g l u t a r a l d e h y d e  i n  0 . 1  M  K - p h o s p h a t e  b u f f e r  p H  7  . 2 ,  
a n d  t h e  m a r g i n  o f  t h e  l e a f  w a s  c u t  t o  f a c i l i t a t e  f i x a t i v e  
p e n e t r a t i o n .  A f t e r  1 0  m i n  u n d e r  v a c u u m  ( 4 0 0  m m  H g ) ,  
s a m p l e s  w e r e  i n c u b a t e d  a t  4  oc  f o r  5 0  m i n .  L e a v e s  w e r e  
f i x e d  a t  4  oc  f o r  9 0  n u n  i n  3  %  g l u t a r a l d e h y d e ,  0 . 1  M  K -
p h o s p h a t e  b u f f e r ,  p H  7  . 2 .  T h e n  2  m m
2  
f r a g m e n t s  w e r e  c u t  
f r o m  e a c h  l e a f  n e a r  t h e  m a r g i n a l  a n d  p e t i o l a r  a r e a s ,  o u t -
s i d e  t h e  n e c r o t i c  p a r t s .  S a m p i e s  w e r e  r i n s e d  5  t i m e s  
( I  5  m i n )  w i t h  0 . 1  M  K - p h o s p h a t e  b u f f e r  p H  7  . 2 .  T b e  t i s -
s u e s  w e r e  f i x e d  i n  1  %  o s m i u m  t e t r o x i d e  i n  0 . 1  M  
c a c o d y l a t e  b u f f e r  a t  p H  7 . 3  f o r  9 0  m i n .  T h e y  w e r e  t h e n  
w a s h e d  4  t i m e s  i n  t h e  c a c o d y l a t e  b u f f e r  f o r  I  0  m i n ,  d e h y -
d r a t e d  i n  a n  e t h a n o l  s e r i e s  f o l l o w e d  b y  p r o p y l e n e  o x i d e  
t w i c e  f o r  3 0  m i n .  T h e  s a m p l e s  w e r e  e m b e d d e d  a f t e r  2  h  i n  
a  p r o p y l e n e  o x i d e / e p o n  ( 1 / l ,  v / v )  m i x t u r e ,  1 2  h  a t  r o o m  
t e m p e r a t u r e i n  E p o n  a n d  4 8  h a t  6 0 ° C  f o r  e p o n  p o l y m e r i -
s a t i o n .  T h i n  s e c t i o n s  w e r e  c u t  o n  a  R e i c h t e r  O m  U
3  
u l t r a m i c r o t o m e  w i t h  a  d i a m o n d  k n i f e ,  m o u n t e d  o n  c o p p e r  
g r i d s ,  s t a i n e d  w i t h  u r a n y l  a c e t a t e - l e a d  c i t r a t e  ( R E Y NO L D S  
1 9 6 3 )  f o r  3 0  m i n  a t  r o o m  t e m p e r a t u r e ,  a n d  v i e w e d  i n  a  
P h i l i p s  E M  3 0 1  e l e c t r o n  m i c r o s c o p e  a t  a n  a c c e l e r a t i n g  
v a l t a g e  o f  8 0  k V .  T h e  p r o t o p l a s t s  w e r e  f i x e d  i n  2 . 5  %  
g l u t a r a l d e h y d e ,  0 . 1  M  K - p h o s p h a t e  b u f f e r ,  p H  7  . 2 ,  a t  4  oc  
f o r  4  h .  T h e y  w e r e  w a s h e d  8  t i m e s  f o r  1 5  m i n  i n  t h e  
K - p h o s p h a t e  b u f f e r .  F i x a t i o n ,  d e h y d r a t i o n  a n d  e m b e d d i n g  
w e r e  t h e  s a m e  a s  d e s c r i b e d  f o r  p l a n t l e t  l e a v e s .  
R e s u l t s  
B  i  o  I  o  g  i  c  a  I  t  e  s  t  s  :  A f t e r  2 4 - h  i n c u b a t i o n  i n  
t h e  p r e s e n c e  o f  5 0 0  J l M ,  7 5 0  J l M  a n d  1  m M  e u t y p i n e ,  l e a v e s  
f r o m  t h e  c u l t u r e d  p l a n t l e t s  s h o w e d  s o m e  n e c r o s i s  l o c a t e d  
i n  t h e  m a r g i n a l  a r e a  w r u c h  l a t e r  e x t e n d e d  t o  t h e  l e a f s t a l k  
( F i g .  I ) .  T h e  s p e e d  o f  s y m p t o m  s p r e a d  a p p e a r e d  t o  i n c r e a s e  
w i t h  e u t y p i n e  c o n c e n t r a t i o n .  A f t e r  4 8  h  o f  i n c u b a t i o n  w i t h  
7 5 0  f . . ! M  o r  1  m M  e u t y p i n e ,  t h e  w h o l e  l e a f  a r e a  w a s  d i s -
c o l o r e d ,  w h e r e a s  i n  t h e  p r e s e n c e  o f  5 0 0  J l M  e u t y p i n e ,  l e s s  
t h a n  t h e  h a l f  l e a f  w a s  i n j u r e d .  
T h e  p r o t o p l a s t s  w e r e  t r e a t e d  w i t h  1 0 0  o r  5 0 0  J l M  
e u t y p i n e .  C e l l  d e a t h  a p p e a r e d  m o s t  q u i c k l y  w i t h  t h e  h i g h -
e s t  c o n c e n t r a t i o n  o f  e u t y p i n e  ( F i g .  2 ) .  I n  t h e  p r e s e n c e  o f  
5 0 0  J l M  e u t y p i n e ,  a l l  t h e  c e l l s  w e r e  d e a d  a f t e r  2 4  h  o f  i n -
c u b a t i o n ,  w h e r e a s  a f t e r  4 8  h  w i t h  1 0 0  J . . t M  e u t y p i n e  m o r -
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F i g .  I :  D e v e l o p m e n t  o f  n e c r o s i s  i n  e x c i s e d  l e a v e s  t r e a t e d  w i t h  
e u t y p i n e ;  0  ( e ) ,  5 0 0  ( • ) ,  7 5 0  ( + )  o r  1 0 0 0  J l M  ( 0 ) .  R e s t l l t s  a r e  
t h e  m e a n  o f  6  e x p e r i m e n t s  ( S D  <  I  % ) .  
S c a l e  o f  n e c r o s i s :  0 :  n o  n e c r o s e d  a r e a s ,  1 :  e n d  o f  a  f e w  s e r r a -
t i o n s ,  2 :  a l l  s e r r a t i o n s ,  3 :  : : : : ;  1 / 2  l e a f ,  4 :  >  1 / 2  l e a f ,  5 :  t h e  w h o l e  
l e a f  b r o w n - g r e e n  c o l o r e d ,  6 :  t h e  w h o l e  l e a f  g r e e n - y e l l o w  c o l o r e d ,  
7 :  t h e  w h o l e  l e a f  y e l l o w  c o l o r e d .  
1 0 0  
8 0  
6 0  
4 0  
2 0  
0  +---------.----------.---------,---------.~ 
0  1 2  
2 4  
3 6  4 8  
F i g .  2 :  D e v e l o p m e n t  o f  p r o t o p l a s t  d e a t h  w i t h  t i m e  o f  e x p o s u r e  t o  
e u t y p i n e ;  0  ( e ) ,  1 0 0  ( • )  o r  5 0 0  J l M  ( + ) .  V a l u e s  r e p r e s e n t  t h e  
m e a n  o f  3  e x p e r i m e n t s  ( S D  <  1 0  % ) .  
U  I  t  r  a  s  t  r  u  c  t  u  r  e  o  f  u  n  t  r  e  a  t  e  d  m  e  s  o -
p  h  y  I  I  c  e  I  I  s  a  n  d  p  r  o  t  o  p  I  a  s  t  s  :  G r a p e v i n e  
m e s o p h y l l  c e l l s  ( F i g .  3 - a )  p r e s e n t  a  c o n v e n t i o n a l  s t r u c -
t u r e .  T h e  c y t o p l a s m  a p p e a r s  i n  a  r e l a t i v e l y  t h i n  l a y e r .  N e a r  
a  ! a r g e  v a c u o l e ,  t h e  n u c l e u s  c a n  b e  o b s e r v e d .  C h l o r o p l a s t s  
( 5 . 4  J . . t m  l o n g ,  2 . 5  J . . t m  w i d e ) ,  p e r i p h e r a l l y  s i t u a t e d ,  a r e  s u r -
r o u n d e d  b y  t h e  t y p i c a l  e n v e l o p e  c o m p o s e d  o f  t w o  m e m -
b r a n e s ;  t h e y  c o n t a i n  a  t i g h t  l a m e l l a r  n e t w o r k  a n d  s o m e  
p l a s t o g l o b u l i  i n  t h e i r  s t r o m a .  M i t o c h o n d r i a  o f t e n  a p p e a r  
p r o x i m a l  t o  t h e  c h l o r o p l a s t s .  S i m i l a r  g o o d  p r e s e r v a t i o n  o f  
s t r u c t u r e  w a s  o b t a i n e d  w i t h  p r o t o p l a s t s  ( F i g .  4 - a ) .  
U l t r a s t r u c t u r e  o f  m e s o p h y l l  c e l l s  
a  f  t  e  r  e  u  t  y  p  i  n  e  t  r  e  a  t  m  e  n  t  :  B e c a u s e  o f  t h e  
s m a l l  d i f f e r e n c e  o n  t h e  s c a l e  q u a n t i f y i n g  n e c r o s i s  b e t w e e n  
I  m M  a n d  7 5 0  J . . t M  e u t y p i n e  c o n c e n t r a t i o n ,  w e  c h o s e  t o  
s t u d y  t h e  u l t r a s t r u c t u r a l  e f f e c t s  o f  t o x i n  o n  p l a n t l e t  l e a v e s  
w i t h  7 5 0  J . . t M  e u t y p i n e .  C e l l  u l t r a s t r u c t u r a l  m o d i f i c a t i o n s  
w e r e  o b s e r v e d  i n  m a r g i n a l  a r e a  w h e r e  n e c r o s i s  a p p e a r e s  
f i r s t ,  a n d  p e t i o l a r  a r e a s  o f  l e a v e s  a f t e r  a  6  o r  2 4  h  p e r i o d  o f  
i  n c u b a t i o n .  
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Fig. 3: Electron micrographs of plantlet leaves of Viti · vi11ijera 
cv. Cabernet Sauvignon. a- control; b- and c- 750 11M eutypine 
treated leaves, for 6 h in marginal and for 24 h in petiolar area 
respectively. Note total disorganization of treated cells with un-
structured larnellar network of chloroplasts and cytoplasm 
vesiculization . Key abbreviations: Chi : chloroplast ; CW: cell 
wall; M: mitochondria; N: nucleus ; PG: plastoglobuli; 
PL: plasmalemma; V: vacuole. 
Fig. 4: Electron micrographs of protoplasts isolated from plantlet 
leaves of Vitis vi11ijera cv. Cabernet Sauvignon. a- control; b-
1 00 11M eutypine for 24 h: note cytoplasmic lightening and per-
sistence of plasmalemma and organelies integrity ; c- 500 11M 
eutypine treated protoplasts for 30 min: note chloroplast swell-
ing and nuclear membrane dilation (arrow) ; d- 500 11M eutypine 
treatment for 1 h: total disorganization of chloroplast membranes 
is observed and plasmalemma shows many breakages (arrows). 
Key abbreviations: Chi: chloroplast ; D: dictyosome ; ER: 
endoplasmic reticulum ; L: Iipid droplet ; M: mitochonclria; 
N: nucleus; PL: plasmalemma. 
After 6 h of treatment, in marginal leaf areas , some 
ultrastructural cell modifications were already very notice-
able. Near intact cells , others presented total disruption 
with high cytoplasmic vesiculation, vacuolar fragmenta-
tion and, in chloroplasts, thylakoid vesiculation and stroma 
lightening (Fig. 3-b). In the petiolar area, 6 h after eutypine 
treatment, disorganization was not very marked and the 
cytoplasm was as dense as in the controls and the 
chloroplasts remained intact. 
After 24 h of treatment, in marginal leaf areas, total 
disruption of cells was observed. In the petiolar area, the 
alterations were enhanced (Fig. 3-c). The volume of the 
chloroplasts increased (5 .8 !J.m lang, 4.1 !J.m wide) and the 
shape was changed. They presented an unstructured la-
mellar fretwork. Moreover, the cytoplasm lacked electron 
density and had developed small vesicles. 
Ultrastructure of eutypine treated 
p r o t o p I a s t s : When the protoplasts were treated with 
100 !J.M eutypine, the ultrastructure of protoplasts appeared 
intact, compared with the control, after a 2-h incubation 
period. The cytoplasm was electron-dense with a weil de-
veloped endoplasmic reticulum, the plasmamembranewas 
unaltered, as were the mitochondria and the chloroplasts 
(data not shown). After a 24-h incubation period, ultra-
structural alterations were obvious (Fig. 4-b) . The cyto-
plasm was clear and had lost its electron density and ho-
mogeneity and appeared highly vesiculated. Thylakoid 
anangement seemed normal with grana stacks. 
When treated with a high eutypine concentration 
(500 !J.M), protoplasts showed cytosolic alterations as early 
as 30 min with vesiculization and lightening of contents 
(Fig. 4-c) . Sometimes the outer layer of the nuclear enve-
lope was elongated. Chloroplasts were swollen and were 
nearly spherical (5 .6 !J.m lang, 4.3 !J.m wide). In some of 
them the envelope was broken and the network system of 
thylakoids was disorganized. Modifications became more 
extensive and universal as the time of toxintreatmentwas 
prolonged. After 2 h, the mitochondria swelled and lost 
their homogeneity. The chloroplastic lamellar swelling had 
increased and the chloroplast envelope had disappeared . 
The plasma membrane showed many points of breakage 
(Fig. 4-d) 
Discussion 
The results of the present study show that eutypine 
caused the rapid appearance of marked symptoms for the 
excised leaves from Cabernet Sauvignon plantlets cultured 
in vitro and provoked the death of protoplasts. Since these 
bioassays were performed in controlled conditions to avoid 
environmental artifacts , the symptoms observed must be 
attributed only to the action of eutypine. The intensity of 
the symptoms and the speed of their appearance were pro-
portional to the eutypine concentration. However, the ef-
fects of eutypine appeared earlier on protoplasts than on 
the leaf tissues because of the more direct contact with the 
toxin. Used for the first time, such simplified experimen-
tal systems seem weil adapted to study the ultrastructural 
alterations induced by eutypine. 
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T h e  p r o t o p l a s t  b i o a s s a y  c o n s t i t u t e s  a n  e f f i c i e n t  s y s -
t e m  t o  c h a r a c t e r i z e  a  g r a d a t i o n  o f  u l t r a s t r u c t u r a l  d a m a g e :  
e a r l y  c y t o p l a s m  v e s i c u l i z a t i o n  a n d  a  s l i g h t  s w e l l i n g  o f  
c h l o r o p l a s t s ,  t h e n  I a c k  o f  c y t o p l a s m  e l e c t r o n - d e n s i t y ,  a n d  
f i n a l l y  a l t e r a t i o n s  o f  a l l  o r g a n e l i e s  a n d  b r e a k a g e  o f  t h e  
p l a s m a  m e m b r a n e .  T h e  o b s e r v e d  a l t e r a t i o n s  a r e  n o t  r e -
s t r i c t e d  t o  t h e  a c t i o n  o f  e u t y p i n e  b e c a u s e  o t h e r  t a x i n s  c a n  
I e a d  t o  s i m i l a r  d i s o r g a n i z a t i o n .  F o r  e x a m p l e ,  t r e a t m e n t  w i t h  
c e r c o s p o r i n  c a u s e d  c y t o p l a s m i c  v e s i c u l i z a t i o n  i n  b e e t  
l e a v e s  ( S T E I N K A M P  e t  a l .  1 9 7 9 )  a n d  t a b t o x i n  i n d u c e d  
u l t r a s t r u c t u r a l  m o d i f i c a t i o n s  i n  t o b a c c o  l e a f  c h l o r o p l a s t s  
( D U R B I N  1 9 7 1 ) .  
T h e  u l t r a s t r u c t u r a l  a l t e r a t i o n s  o f  l e a f  c e l l s  o f  p l a n t l e t s  
c a u s e d  i n  v i t r o  b y  e u t y p i n e  c a n  b e  c o m p a r e d  a t  t h o s e  o b -
s e r v e d  o n  l e a v e s  o f  g r a p e v i n e s  a f f e c t e d  b y  e u t y p i o s i s .  I n -
d e e d ,  s u c h  c a m p a r i s a n s  h a v e  b e e n  m a d e  b y  o t h e r  a u t h o r s .  
F o r  e x a m p l e ,  S T E I N K A M P  e t  a l .  ( 1 9 8 1 )  s h o w e d  b y  c o m p a r -
i i i . g  t h e  u l t r a s t r u c t u r a l  e f f e c t s  o f  c e r c o s p o r i n ,  a  t o x i n  p r o -
d u c e d  b y  C e r c o s p o r a  b e t i c o l a ,  o n  B e t a  v u l g a r i s  l e a v e s ,  
w i t h  t h e  f u n g u s - i n d u c e d  d a m a g e s ,  t h a t  c e r c o s p o r i n  w a s  
i n v o l v e d  i n  c a u s i n g  s o m e  d i s e a s e  s y m p t o m s  e v e n  i f  o t h e r s  
a p p e a r e d  o n l y  i n  i n f e c t e d  p l a n t s .  I n  o u r  s t u d y ,  t h e  
u l t r a s t r u c t u r a l  a l t e r a t i o n s  c a u s e d  b y  e u t y p i n e  u n d e r  c o n -
t r o l l e d  c o n d i t i o n s  w e r e  s i m i l a r  t o  t h o s e  n o t e d  b y  P H I L I P P E  
e t  a l .  ( 1 9 9 2 )  o n  l e a v e s  f r o m  g r a p e v i n e s  a f f e c t e d  b y  
e u t y p i o s i s .  I n d e e d ,  i n  s i t u ,  i n  t h e  c e l l s  o f  s l i g h t l y  a f f e c t e d  
l e a v e s ,  t h e  e n l a r g e d  c h l o r o p l a s t s  ( x  2 . 6 )  s h o w e d  d i l a t e d  
t h y l a k o i d s  a n d  c o n t a i n e d  ! a r g e  s t a r c h  g r a i n s .  I n  s e v e r e l y  
a f f e c t e d  l e a v e s ,  t h e  c e l l s  w e r e  c o m p l e t e l y  d i s o r g a n i z e d ,  
w i t h  v e s i c u l i z a t i o n  o f  e n d o m e m b r a n e  s y s t e m s  a n d  c y t o -
p l a s m  I y s i s .  I n  v i t r o ,  i n  e u t y p i n e - t r e a t e d  p l a n t l e t  l e a v e s ,  
I y s i s  a n d  v a c u o l i s a t i o n  o f  c y t o p l a s m ,  a n d  c h l o r o p l a s t  s w e l l -
i n g  ( x  1 . 6 )  w i t h  t h y l a k o i d  s p a c i n g  w e r e  o b s e r v e d  e a r l y ,  
f o l l o w e d  b y  a l t e r a t i o n  o f  o r g a n e l i e s  a n d  b r e a k s  i n  t h e  
p l a s m a  m e m b r a n e .  H o w e v e r ,  i n  t h e  i n  v i t r o  t i s s u e s  t h e  a c -
c u m u l a t i o n  o f  s t a r c h  g r a i n s  i n t o  t h e  C h l o r o p l a s t s  w a s  n o t  
o b s e r v e d  p r o b a b l y  b e c a u s e  t h e  p h o t o s y n t h e t i c  a c t i v i t y  o f  
t h e  i n  v i t r o  e x c i s e d  l e a v e s  h a s  b e e n  d e m o n s t r a t e d  t o  b e  
v e r y  l o w .  T h e  s i m i l a r i t y  o f  u l t r a s t r u c t u r a l  a l t e r a t i o n s  o b -
s e r v e d  i n  d i s e a s e d  l e a v e s  a n d  i n  e u t y p i n e - t r e a t e d  p l a n t l e t  
l e a v e s  a n d  p r o t o p l a s t s  c o n f i r m s  t h a t  e u t y p i n e  i s  r e s p o n s i -
b l e  f o r  t h e  u l t r a s t r u c t u r a l  d a m a g e s  o b s e r v e d  i n  e u t y p i o s i s -
a f f e c t e d  l e a v e s .  
U l t r a s t r u c t u r a l  e f f e c t s  o b s e r v e d  w i t h  e u t y p i n e  t r e a t -
m e n t  c a n  b e  c o r r e l a t e d  w i t h  b i o c h e m i c a l  e v e n t s  d e s c r i b e d  
i n  o u r  l a b o r a t o r y .  T E Y- R U L H  ( 1 9 8 8 )  n o t e d  r a p i d  e l e c t r o l y t e  
l e a k a g e ,  p a r t i c u l a r y  o f  p o t a s s i u m ,  p r o b a b l y  i n v o l v e d  i n  
o s m o t i c  p r o c e s s e s ,  a f t e r  f u n g u s  f i l t r a t e  h a d  a c t e d  o n  e x -
c i s e d  p l a n t l e t  l e a v e s .  T h u s ,  e u t y p i n e  c o u l d  a c t  b y  a l t e r i n g  
t h e  s e l e c t i v e  p e r m e a b i l i t y  o f  t h e  p l a s m a  m e m b r a n e  e v e n  
i f  p l a s m a l e m m a  b r e a k a g e  a p p e a r s  t o  b e  a  t e r m i n a l  e v e n t .  
I n  c o n c l u s i o n ,  e u t y p i n e  p r o d u c e d  s e r i o u s  s y m p t o m s  
o n  t h e  l e a v e s  o f  C a b e r n e t  S a u v i g n o n  i n  c o n t r o l l e d  e n v i -
r o n m e n t a l  c o n d i t i o n s .  F u r t h e r m o r e ,  t h i s  t o x i n  a f f e c t e d  t h e  
c y t o p l a s m  e a r l y ,  t h e n  p r o d u c e d  a  d i s o r g a n i z a t i o n  o f  
c h l o r o p l a s t s  a n d  f i n a l l y  i n d u c e d  b r e a k a g e  o f  t h e  p l a s m a  
m e m b r a n e .  T h e s e  o b s e r v a t i o n s  d e m o n s t r a t e  t h e  t o x i c  r o J e  
o f  e u t y p i n e  o n  t h e  l e a f  c e l l s  o f  t h e  g r a p e v i n e .  O n  t h e  o t h e r  
h a n d ,  t h e  n o t a b l e  s i m i l a r i t i e s  b e t w e e n  f u n g u s - i n d u c e d  
c h a n g e s  i n  l e a v e s  o f  d i s e a s e d  p l a n t s  a n d  e u t y p i n e - i n d u c e d  
c h a n g e s  o n  e x c i s e d  p l a n t l e t  l e a v e s  a n d  o n  i s o l a t e d  
p r o t o p l a s t s  s h o w s  t h a t  e u t y p i n e  i s  i n v o l v e d  i n  f o l i a r  s y m p -
t o m  e x p r e s s i o n .  O u r  s c h e m e  t o  e x p l a i n  t h e  a c t i o n  f r o m  a  
d i s t a n c e  o f  E u t y p a  l a t a  i s  t h a t  e u t y p i n e ,  s y n t h e t i z e d  b y  
m y c e l i u m  p r e s e n t  i n  t r u n k  o r  a r m s ,  i s  t r a n s p o r t e d  i n t o  t h e  
h e r b a c e a u s  p a r t s  a n d  c a u s e s  t h e  c h a r a c t e r i s t i c  s y m p t o m s  
o f  d y i n g - a r m  d i s e a s e .  I n  o r d e r  t o  d e v e l o p  w a y s  t o  a c t  a g a i n s t  
e u t y p i o s i s ,  t h e  s t u d y  o f  t h e  m e c h a n i s m  o f  a c t i o n  o f  e u t y p i n e  
i s  n o w  i n  p r o g r e s s .  
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